IMPORTANCE Based on the new 2017 blood pressure guidelines, the prevalence of high blood pressure (BP) among adults has increased from 32% to 46%. Based on new norms and diagnostic thresholds that better align with adult definitions, new clinical practice guidelines were also published for children. The American Academy of Pediatrics clinical practice guidelines for the management of elevated BP in children replace the 2004 fourth report from the National Heart, Lung, and Blood Institute.
I
n August 2017, new clinical practice guidelines for the diagnosis and management of elevated blood pressure (BP) in children were published by the American Academy of Pediatrics (AAP) and the American Heart Association (AHA) 1 to replace those previously developed in the fourth report from the National Institutes of Health's National Heart, Lung, and Blood Institute (NIH/NHLBI) in 2004. 2 Developed by the AAP Subcommittee on Screening and Management of High Blood Pressure in Children, the new BP norms are based on the same core data set (ie, 49 967 children from the 1996 National High Blood Pressure Education Program Working Group). 3 The new norms differ in important respects. 1, 4 To minimize bias from their higher BP readings, children who were overweight or obese (ie, body mass index [BMI] z score >1 or percentile >85%) 5, 6 were excluded from the reference data, shifting the percentile curves downward. 1, 4 As shown in Table 1 4 which applied quantile regression with segmented natural splines to define each child's BP percentiles (1-99) as a function of sex, age, and height for comparison with the measured BP. For adults, the November 2017 report of the ACC/AHA Task Force on Clinical Practice Guidelines was the first major redefinition of BP since 2003. 7, 8 Muntner et al 9 suggest that the proportion of US adults with elevated BP has increased from 32% to 46%. For children and adolescents, it is difficult to anticipate the net effect of changes in both population percentiles and diagnostic cutoffs. Consequently, our primary objective was to assess the consequences of the new guidelines on the prevalence and severity of elevated BP in an unselected and generally healthy sample of US children aged 5 to 18 years from the 1999-2014 National Health and Nutrition Examination Surveys (NHANES) with ausculatory BP measured in a single ambulatory sitting. Our secondary objectives used a case-control design to characterize clinical and laboratory risk factors for children whose BP level was reclassified upward (ie, those who developed new-onset hypertension or were assigned a more advanced stage under the new 2017 guidelines).
Methods
Data were drawn from 8 biennial NHANES cycles A to H from January 1, 1999, to December 31, 2014 , from the Centers for Disease Control and Prevention (CDC) repository, which includes data on cross-linked demographics, diet, physical examinations, laboratory values, and survey data sets. 10 For children, anthropometric measurements were collected using a standardized measurement protocol 11 ; in brief, calibrated stadiometer heights were measured to the nearest 0.1 cm by trained staff. Weight in kilograms and BMI (calculated as weight in kilograms divided by height in meters squared) were recorded to 1 decimal place. A snug tape measure was used to measure waist circumference to the closest 0.1 cm after palpating and marking the iliac
Key Points
Question What are the consequences of the new American Academy of Pediatrics clinical practice guidelines on the prevalence and severity of elevated blood pressure among US children?
Finding In this cohort study of 15 647 children, the population prevalence of elevated blood pressure increased from 11.8% to 14.2%; overall, 905 children (5.8%) had newly diagnosed hypertension (n = 381) or a worsening in clinical stage (n = 524), a substantial increase in disease burden. Children whose blood pressure was reclassified upward were more likely to be overweight or obese, with adverse lipid profiles and increased hemoglobin A 1c levels (prediabetes).
Meaning Clustering of cardiovascular risk factors suggests that children whose blood pressure has been reclassified represent a high-risk population whose cardiovascular risk may previously have been underestimated. Age-and sex-specific z scores were calculated for height, weight, and BMI using LMS (Lambda Mu Sigma) tables from both the CDC and the World Health Organization (WHO). 5, 6, 12 The z scores for waist circumference and the waist to height ratio were based on NHANES III reference data and are generally more strongly associated with cardiometabolic risks than the z scores for BMI. [13] [14] [15] where the mean discrepancy measures systematic bias and the 95% limits of agreement reflect discrepancies likely to be seen in day-to-day practice.
To properly account for multistage sampling, NHANES provides identifiers for primary sampling units and strata. To account for nonresponse and undercoverage and to permit valid population inferences, they also furnish inverse-probability sample weights for the mobile examination center. These weights were combined as recommended for analysis of NHANES subsets, 20 using the R survey package to estimate population parameters (demographics, hexagonal heat maps, Cohen κ, and Bland-Altman limits of agreement). In comparing BP classification under both sets of guidelines, children whose BP readings were reclassified at a higher level under the 2017 guidelines were considered "reclassified upward" and treated as cases for a case-control comparison. Each case (n = 905) was matched for sex, age (year), and height (CDC quintile) with a randomly selected control (n = 13 207) whose BP readings were normal based on both sets of guidelines. The case-control analysis was an unweighted, paired comparison of sample patients whose BP levels were reclassified upward vs matched, normotensive controls.
Results
The demographic and clinical characteristics of the 15 647 children studied are shown in Table 2 children who were overweight and obese (BMI z score >1) or just obese (BMI z score >2) increased significantly as a result (Table 2) .
Compared with the 2004 fourth report, the mean SBP percentile was higher with the 2017 guidelines; the proportions of children with stages 1 or 2 levels increased significantly. The association between BP percentiles under the 2 systems is illustrated by the heatmap (Figure) , with the diagonal line of identity for comparison. For SBP and DBP percentiles, the Bland-Altman mean error (bias) and 95% limits of agreement were 5.3 (−1.0 to 13.0) for SBP and 0.7 (-5.0 to 6.0) for DBP (AAP-NHLBI). These differences were statistically significant in each case (P < .001 by 1-sample t test), although the diastolic bias is clinically negligible. Overall, 905 of 15 584 children (5.8%) in the cohort were reclassified upward under the new AAP guidelines compared with the 2004 NIH/NHLBI report ( Table 3) . Of these, 381 were deemed normotensive by NHLBI but are now considered to have elevated (n = 368) or stage 1 levels (n = 13) by AAP criteria. In addition, 470 children with prehypertension were reclassified as stage 1 by AAP guidelines, and an additional 54 children whose BP readings were previously consistent with stage 1 levels were reclassified as stage 2. Few children regressed to a lower level (40 from prehypertension to normal and 33 from stage 1 to elevated). A total of 13 207 (84.8%) children were deemed to be normotensive by both criteria. The overall agreement between assigned categories in Table 3 is given by κ = 0.73 (95% CI, 0.71-0.75; P < .001).
Compared with the normotensive children ( To better characterize the 905 children with this additional disease burden, cases are compared with sex-, age-, and height-matched controls ( Table 4) . The groups differed significantly in anthropometric measures of adiposity, including z scores for BMI, weight, waist circumference, and waist to height ratio. As a result, the proportion of children who were overweight or obese (BMI z score >1) was 55.9% among those reclassified upward (504 of 901) vs 35.0% among controls (315 of 901) (P < .001), and the proportion who were obese (BMI z score >2) was 23.5% among those reclassified upward (212 of 901) vs 11.6% among controls (105 of 901) (P < .001). These proportions increased further with the use of WHO growth charts and diagnostic criteria.
Among the children reclassified upward, there were small differences in mean concentrations of total cholesterol, LDL cholesterol, high-density lipoprotein cholesterol, and triglycerides compared with controls (Table 4) g High triglyceride level (Ն100 mg/dL for children Յ9 years or Ն130 mg/dL for children >9 years).
mulate follow-up instructions; for these children, reclassification has consequences. 1 For those with elevated BP, lifestyle modifications are recommended (healthy diet, sleep, and physical activity), and the BP is to be reassessed after 6 months instead of 1 year as in children with normal BP. Similarly, asymptomatic children with stage 1 levels should be reassessed in 1 to 2 weeks, and those with stage 2 levels require more urgent evaluation or referral to a subspecialist within the week. Although some of these children will subsequently have normal BP or have "white-coat hypertension" (elevated BP when measured in a medical environment), the persistence of elevated BP or hypertension should prompt additional evaluation (eg, echocardiography or 24-hour ambulatory monitoring) and further treatment.
With more than 5% of generally healthy individuals reclassified upward under the new guidelines, the additional disease burden faced by caregivers, families, and patients is nontrivial. As the AAP subcommittee notes, 1 long-term follow-up studies of cardiovascular morbidity and mortality will ultimately be needed to precisely define cardiovascular risk. In the shorter term, their approach to risk stratification relies on careful alignment with adult cutoffs at age 19 years; this strategy is based on the fact that childhood BP typically tracks into adulthood, and children with elevated BP are more likely to develop primary hypertension and metabolic syndrome as adults. [22] [23] [24] [25] Because pediatric cardiovascular risk factors are known to cluster, 26 we might also examine the risk profiles of children with either new-onset hypertension or worsening of their clinical stage, which was the goal of our case-control study. Not surprisingly, being overweight and obese (BMI z score >1) or just obesity (BMI z score >2) were significantly more common among cases. These conditions have well-documented implications 1, 27 ; a recent study of 2.3 million Israeli adolescents showed that a normal adolescent BMI between the 50th and 74th percentiles (BMI z score, 0-0.64) was associated with increased cardiovascular and all-cause mortality during 40 years of follow-up, with a hazard ratio for cardiovascular mortality of 4.1 (95% CI, 3.1-5.4) after 30 to 40 years. 27 Because the prevalence of overweight and obesity was increased with use of the WHO reference growth charts for school-age children, the CDC charts may be underestimating cardiovascular risk. 6 In adults and children, central adiposity (as measured by waist circumference and waist to height ratio) appear to have greater prognostic significance than BMI alone [13] [14] [15] ; their increased z scores therefore add to concerns regarding weight-related risk.
Known risk factors determined by laboratory test results were also noted with increased frequency in the cases, including hypercholesterolemia (elevated LDL cholesterol), hypertriglyceridemia, and prediabetes. Like overweight and obesity, these laboratory test results may have their own effects on BP or reflect a common etiology associated with the individual's lifestyle. [28] [29] [30] Differences in risk profiles for laboratory test results were more clearly seen when age-specific cutoffs were used to identify abnormal values. For those with complete data on laboratory measures, 2 in 3 cases had additional cardiac risk factors, compared with only 1 in 3 controls. Moreover, 1 in 5 cases had more than 2 additional risk factors, compared with only 1 in 25 controls. To put this in context, the AHA has identified "Life's Simple 7" as key contributors to cardiovascular health, including 4 ideal health behaviors (not smoking, achieving a normal BMI, engaging in physical activity, and eating a healthy diet) and 3 ideal health factors (normal total cholesterol, normal blood glucose, and normal BP). 31 We should also bear in mind that analyses of the NHANES databases using the NHLBI definitions of hypertension generally show increasing prevalence over time, with higher rates among children who are overweight or obese, male, adolescent, and African American or Hispanic. 29, [32] [33] [34] Although the rate of dyslipidemia appears to be declining, 29 worrisome trends are further exacerbated by a low prevalence of ideal cardiovascular health behaviors, particularly among adolescents. 35 To our knowledge, there are no other studies in pediatrics to date to assess the effect of the new criteria for elevated BP; we noted a modest increase from 11.8% to 14.2% in the population prevalence of elevated BP. The effect of the more stringent 2017 criteria for adults is more dramatic, with an increase from 32% to 46% with elevated BP. 9 And while most reclassified adults do not require new medications, long-term studies will be required to assess the effect of these changes on cardiovascular outcomes, which will no doubt result in further refinement of the BP guidelines for children.
The new 2017 AAP guidelines were developed using a reference population that excluded children with a BMI z score greater than 1.
4 By excluding those with higher BP levels owing to overweight or obesity, the AAP subcommittee sought to create a normative standard rather than a reference. 1, 6 A similar approach was taken with the WHO growth charts for individuals aged 5 to 19 years, 6 which were based on the same core data as the CDC 2000 charts, except that the WHO dropped more recent data and excluded children with "unhealthy" weight to height ratios. In Table 2 , this methodological difference leads to a mean (SD) discrepancy of 0.24 (0.34) in BMI z scores (P < .001 by paired t test) when comparing the WHO and CDC measures. 6, 36 For the same reason, the BP percentiles assigned by the 2017 AAP guidelines will generally be higher than those from the 2004 report. 1, 4 This difference is clear when both are applied in our NHANES cohort of children aged 5 to 18 years ( Figure) and is particularly true for SBP, where the BlandAltman bias was 5.3 percentile points (95% CI, −1.0 to 13.0; AAP-NHLBI). The bias in DBP percentiles in clinical practice is less.
It is of course difficult to predict a priori the net effect of the new guidelines because the new percentile charts are combined with new clinical thresholds in Table 1 to define normal and high BP.
Strengths and Limitations
The strengths of this study include a large sample with 3 to 4 BP readings measured by the criterion standard of auscultation in a single sitting by trained professionals. Participants in NHANES are generally unselected and at low risk for conditions that might predispose to secondary hypertension. Detailed anthropometric and laboratory measures allowed for a comprehensive assessment of cardiovascular risk. The limitations include insufficient numbers for the assessment of race-, sex-, and age-specific differences; lack of information pertaining to medical history, family history, and comorbidities; and no long-term follow-up.
Conclusions
Among 
